Abstract. The purpose of the present paper is to study the globally and locally ϕ-T
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(ε)-para Sasakian manifold
A manifold M is said to admit an almost paracontact structure if it admit a tensor field ϕ of type (1, 1), a vector field ξ and a 1-form η satisfying
Let g be a semi-Riemannian metric with index(g) = ν such that
where ε = ±1. Then M is called an (ε)-almost paracontact metric manifold equipped with an (ε)-almost paracontact metric structure (ϕ, ξ, η, g, ε). In particular, if index(g) = 1, then an (ε)-almost paracontact metric manifold is said to be a Lorentzian almost paracontact manifold. In particular, if the metric g is positive definite, then an (ε)-almost paracontact metric manifold is the usual almost paracontact metric manifold [25] . The equation (3.2) is equivalent to
From (3.1) and (3.4) it follows that
where ∇ is the Levi-Civita connection with respect to g. A manifold endowed with an (ε)-para Sasakian structure is called an (ε)-para Sasakian manifold [6] .
For ε = 1 and g Riemannian, M is the usual para Sasakian manifold [26, 27] . For ε = −1, g Lorentzian and ξ replaced by −ξ, M becomes a Lorentzian para Sasakian manifold [28] .
For (ε)-para Sasakian manifold, it is easy to prove that
For detail study of (ε)-para Sasakian manifold, see [6] . It is well known that in a 3-dimensional semi-Riemannian manifold the conformal curvature tensor C vanishes, therefore
Proof. Take Z = ξ in (3.17) and using (3.4), (3.7), (3.12), we get
Putting Y = ξ in (3.19) and using (3.13), we get (3.18).
and
Lemma 3.4 A 3-dimensional (ε)-para Sasakian manifold is a manifold of constant curvature if and only if r = −6ε.
We begin with the following definition.
Definition 4.1 An (ε)-para Sasakian manifold is said to be locally ϕ-T -symmetric manifold if
for arbitrary vector fields X, Y, Z, W orthogonal to ξ. If X, Y , Z, W are arbitrary vector fields, then it is known as globally ϕ-T -symmetric manifold.
This notion of locally ϕ-symmetric was introduced by Takahashi for Sasakian manifolds [3] .
(ii) M has constant scalar curvature if a 0 + (m − 1)a 1 + a 2 + a 6 = 0 and a 4 + (m − 1)a 7 = 0.
Proof. Let M be a m-dimensional ϕ-T -symmetric (ε)-para Sasakian manifold. Then by using (3.1) and (4.1), we have
Using (2.1) in (4.2), we obtain
Let {e i }, i = 1, . . . , m be an orthonormal basis of tangent space at any point of the manifold. Taking X = U = e i in (4.3), we get
Since, we have
at any point p ∈ M . We know that {e i } is an orthonormal basis, therefore ∇ W e i = 0 at p. Using (3.4) and (3.7) in (4.6), we have
By using the property of curvature tensor We know that Using (4.9), (4.11), (4.12) in (4.5), we have
Replacing Y by ϕY in (4.13) and using (3.2), (3.15), we get
If a 0 + (m − 1)a 1 + a 2 + a 6 = 0 and a 4 + (m − 1)a 7 = 0, then by (4.5), we have ∇ W r = 0, that is, r = constant.
Remark 4.3 The first condition of Theorem 4.2 is satisfied if T ∈ {R, C
. . , W 6 , W 9 } and second condition is satisfied if T ∈ {L, W 7 }. If T ∈ {C, W 0 , W 8 } none of the condition is satisfied. Proof. Let M be a 3-dimensional (ε)-para Sasakian manifold. Differentiate covariantly on both sides of (3.22), we have
Applying ϕ 2 on both sides of (4.14), we have
Using the fact that X, Y , Z are horizontal vector fields in (4.15), we get
If one of them a 0 + a 1 + a 4 + 2a 7 , a 0 − a 2 − a 5 + 2a 7 and a 3 + a 6 is not equal to zero, then by using (4.1), we get the result.
Remark 4.6 One of them a 0 + a 1 + a 4 + 2a 7 , a 0 − a 2 − a 5 + 2a 7 and a 3 + a 6 is not equal to zero, for all the known curvature tensors.
5 η-parallel Ricci tensor Proof. By equation (3.20) , we get
Differentiating (5.1) covariantly with respect to X, we get
Suppose the Ricci tensor is η-parallel. Then from the above, we obtain
Let {e i }, i = 1, 2, 3 be the orthonormal basis of tangent space at each point of the manifold. Taking Y = e i = Z in (5.2), we have ∇ X r = 0. Hence scalar curvature r is constant.
From Theorems 4.5 and 5.2, we can state the following:
Corollary 5.3 A 3-dimensional (ε)-para Sasakian manifold with η-parallel Ricci tensor is locally ϕ-Tsymmetric.
6 Example of a locally ϕ-T -symmetric (ε)-para Sasakian manifold of dimension 3
Consider the 3-dimensional manifold M = (x, y, z) ∈ R , ̥ = , where (x, y, z) are the standard coordinates of R . The vector fields
are linearly independent at each point of M . Let g be the semi-Riemannian metric defined by g(e 1 , e 3 ) = 0, g(e 1 , e 2 ) = 0, g(e 2 , e 3 ) = 0, g(e 1 , e 1 ) = 1, g(e 2 , e 2 ) = 1, g(e 3 , e 3 ) = ε, where ε = ±1. Let η be the 1-form defined by η(Z) = εg(Z, e 3 ) for any Z ∈ T M . Let ϕ be the (1, 1)-tensor field defined by ϕe 1 = εe 1 , ϕe 2 = εe 2 , ϕe 3 = 0.
Using the linearity of ϕ and g, we have for any X, Y ∈ T M . Then for ξ = e 3 , the structure (ϕ, ξ, η, g, ε) defines an (ε)-para Sasakian structure on M . Let ∇ be the Levi-Civita connection with respect to the metric g. By using Koszul's formula, we have ∇ e1 e 1 = −εe 3 , ∇ e2 e 1 = 0, ∇ e3 e 1 = −e 1 , ∇ e1 e 2 = 0, ∇ e2 e 2 = −εe 3 , ∇ e3 e 2 = −e 2 , ∇ e1 e 3 = e 1 , ∇ e2 e 3 = e 2 , ∇ e3 e 3 = 0.
